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SEX DIFFERENCES IN THE EFFECT OF STRESS ON RESPONSE TO FOOD 
REWARD CUES  
IVY CHEN 
ABSTRACT 
Objective: The overlap in literature on stress and human reward processing is relatively 
small but growing as its significance becomes increasingly implicated in the obesity 
epidemic. The greater prevalence of obesity, especially severe obesity, among females than 
males suggests that there may be sex differences in hormones driving eating behaviors and 
in food reward processing. There is an important gap in the literature – a paucity of studies 
employing robust psychosocial stressors in combination with a food-related reward 
neuroimaging task to examine sex differences in the effect of psychosocial stress on 
hormones and food reward processing in humans. We hypothesized that male and female 
healthy subjects exposed to stressful situations during the Maastricht Acute Stress Test 
(MAST) will show sex differences in physiological, subjective self-report, and neural 
measures. The physiological variables measured ghrelin and cortisol reactivity. Subjective 
self-report variables measured perceived threat (pre-/post-task appraisals), state anxiety 
(pre-/post-scan state anxiety), and visual analogue scale ratings of appetite and mood 
(hunger/sadness/tension). The neural variables utilized a food incentive delay (FID) task 
that measured hedonic value (valence ratings of reward vs. neutral cue, success, or fail), 
incentive motivation (reaction time to reward vs. neutral success), and reward sensitivity 




in response to food reward vs. neutral anticipation and receipt) in predefined brain regions 
of interest (ROIs): the caudate, nucleus accumbens, putamen, amygdala, and 
hypothalamus.  
Methods: A total of 42 healthy subjects between the ages of 21 and 45 with body mass 
index between 18 and 35 were enrolled. Each participant completed a stress visit, during 
which the stress version of the MAST was administered, and a no-stress visit, during which 
the no-stress version of the MAST was administered. The order of visits for each subject 
was randomly assigned. Demographic data as well as physiological, subjective self-report, 
and neural measures were obtained at each visit. 
Results: Subjects experienced greater percent increase in cortisol from pre-MAST to post-
MAST at the stress visit than the no-stress visit. At the stress visit, post-MAST raw cortisol 
levels were significantly higher in males than in females and pre-FID raw ghrelin levels 
were significantly higher in females than males. Subjects endorsed higher perceived threat, 
lower pre-scan state anxiety, and more negative post-MAST mood at the stress visit 
compared to the no-stress visit. During the stress visit, no significant sex differences were 
found in perceived threat, state anxiety, or mood. Lastly, there were no main effects of visit 
or sex on appetite, valence ratings, and functional response in the ROIs. Across visits, 
females reacted significantly slower than males to food reward and neutral cues. There was 
a significant effect of phase on functional response in the amygdala, but not in any other 
ROIs, with subjects across visits showing significantly greater amygdala activation in 




Discussion: Our study revealed, as predicted, that there was a significant effect of stress on 
cortisol and ghrelin, and on subjective self-reported perceived threat, pre-scan state 
anxiety, and post-MAST mood. At the stress visit, compared to the no-stress visit, subjects 
showed greater increase in cortisol and reported higher perceived threat, lower pre-scan 
state anxiety, and more negative post-MAST mood, indicating that the stressful impact of 
the MAST induced the intended physiological consequences. Sex differences were 
observed in the effect of stress on cortisol at post-MAST time point (T20) and on ghrelin 
at pre-FID time point (T80). Our findings support sex differences in ghrelin and cortisol 
response to stress in agreement with previous studies’ findings. We failed to reject the null 
hypothesis that there is no effect of stress on appetite, valence ratings, reaction times, and 
functional response in the ROIs in response to food reward (vs. neutral) anticipation and 
receipt. We also did not find significant sex differences, or interactions involving sex, in 
perceived threat, state anxiety, appetite, mood, or valence ratings. Notably, we did not 
detect statistically significant sex differences in blood-oxygen-level-dependent signal 
activation in the caudate, nucleus accumbens, putamen, amygdala, or hypothalamus in 
response to reward (vs. neutral) anticipation and receipt. Future research can extend our 
findings by examining individual and potential sex differences in pervasive trait-level 
qualities to better understand the role of emotional eating tendencies on ghrelin, and reward 
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CHAPTER 1: INTRODUCTION 
 
 During the 20th century, populations from wealthier, developed nations around the 
world began reaching their genetic potential for growth in height and began gaining 
proportionally more weight than height (Caballero, 2007). By the turn of the century, 
researchers reported the number of overweight and obese adults to be greater than the 
number of underweight adults (Gardner & Halweil, 2000). As the prevalence of obesity 
continues to climb, the importance of studying obesity and contributing factors has been 
globally recognized. Obesity is a critical risk factor for health conditions including 
diabetes, cardiovascular diseases, hypertension, cancer, asthma, sleep disorders, hepatic 
and renal dysfunction, and type 2 diabetes (Manna & Jain, 2015). Excess body weight is 
also associated with increased risk of cardiovascular morbidity and mortality (Caballero, 
2007).  
Upon closer inspection of obesity trends among adults in the United States, Flegal 
et al. (2016) found the age-adjusted prevalence to be higher among women compared to 
men. In addition, women exhibited significant increasing linear trends across the decade 
whereas no significant trends were seen for men (Flegal et al., 2016). Researchers have 
proposed that sex differences in obesity are largely due to the influence of gonadal steroids 
on energy balance and appetite (Lovejoy & Sainsbury, 2009); however, the effect of stress 





Connection Between Stress and Obesity 
Current treatments for obesity treatment are primarily focused on dietary, 
pharmacological, and surgical strategies (Jensen et al., 2014; Ruban et al., 2019). 
Therapeutic efforts usually combine dietary therapy and pharmacotherapy. Most anti-
obesity drugs work by simulating the effects of appetite-regulating hormones ghrelin and 
leptin on downstream systems or by interfering with absorption of fat (Ruban et al., 2019). 
However, the underlying influence of stress as a contributing factor to the development of 
obesity is a direction of research that has not yet been explored in depth. As research 
continues to find more connections between stress and obesity, these insights may generate 
further research and lead to the development of more efficacious and individualized 
treatment strategies.  
Stress influences food consumption and physical activity, stimulates hormones and 
peptides such as leptin and ghrelin, and triggers physiological shifts in the hypothalamic-
pituitary-adrenal (HPA) axis (Tomiyama, 2019). Stress-induced activation of the HPA axis 
hormonal system triggers secretion of cortisol, a glucocorticoid commonly known as the 
primary “stress hormone” for its role in generating several stress-related changes in the 
body. Studies have shown that stress-induced cortisol responsivity is positively correlated 
with the activity of the mesolimbic dopaminergic pathway in the reward system of the brain 
(Wand et al., 2007). Results from animal and human studies support the theory that stress 




and eating habits, which exhibit sex differences in neural sensitivity and behavior (Cornier 
et al., 2010). 
 
Stress Reactivity 
One of the ways to understand the greater prevalence of overweight and obesity in 
females is through the pathway of stress-related eating, with susceptibility varying based 
on individual stress reactivity. The stress response helps maintain allostasis during times 
when the body’s physiologic parameters change due to perceived and anticipated stress. 
Adaptive responses begin with activation of the sympathetic adrenal medullary system, or 
the autonomic nervous system, followed by activation of the HPA axis (Tomiyama, 2019).  
The Trier Social Stress Test (TSST) is one of the most well-established 
psychological stress-induction laboratory protocols for eliciting strong neuroendocrine 
stress responses that can be easily evaluated and compared across subjects (C. Kirschbaum 
et al., 1993). The TSST consists of a preparation or anticipation period followed by a test 
period during which participants much perform a free speech task and a mental arithmetic 
task in front of a committee of evaluators. Additional stress is induced by informing 
participants they are being video-taped for their performance to be evaluated and voice 
analyzed (Frisch et al., 2015).  
The Spielberger et al. (1983) State-Trait Anxiety Inventory (STAI) is a validated 
self-report measure of state and trait anxiety. The State Anxiety Scale measures transitory 




Trait Anxiety Scale measures stable subjective feelings of anxiety, with higher scores 
indicating greater tendency to respond to stressful situations with more anxiety. Reduced 
stress reactivity has been shown to play a role in the development of mood-related disorders 
whereas increased stress reactivity has been shown to play a role in the development of 
reward-related disorders such as substance use disorders (Compton et al., 2007). Sex 
differences in cortisol reactivity may explain why mood disorders are twice as common in 
females as males and substance use disorders are twice as common in males as females 
(Girgus & Yang, 2015; Tolin & Foa, 2006).  
Using the TSST, Stephens et al. (2016) analyzed sex differences in HPA axis 
reactivity to stress in 282 healthy young men and women in the follicular phase of the 
menstrual cycle. With change measured as the highest magnitude post-TSST minus the 
average of the three baseline pre-TSST levels, men had greater change and area under the 
curve (AUC) hormone responses than women for salivary cortisol (median change: 0.21 
ng/mL vs. 0.09 ng/mL, median AUC: 6.32 ng/mL × min vs. 2.29 ng/mL × min), and serum 
cortisol (median change: 7.1 ng/mL vs. 4.9 ng/mL; median AUC: 270.1 ng/mL × min vs. 
161.0 ng/mL × min). This study found women scored significantly higher on STAI trait 
anxiety compared with men, with mean (SD) scores of 30.4 (7.1) and 28.7 (6.4), 
respectively. Trait anxiety has been associated with sex differences in HPA-axis response 
(Armbruster et al., 2011; Hostinar et al., 2014; Jezova et al., 2004). There was no significant 
difference in pre-TSST state anxiety scores between men and women. Interestingly, there 




and women. Women experience higher subjective trait anxiety (pervasive feelings of 
nervousness, disappointment, tension), similar subjective state anxiety (current feelings of 
tension, worry, anger, nervousness, guilt), and lower physiologic stress reactivity (i.e., 
HPA axis cortisol response) compared to men. However, subjective feelings of tension, 
apprehension, nervousness, and worry did not predict physiologic stress reactivity 
(Stephens et al., 2016). 
Reduced stress reactivity is implicated in mood-related disorders, such as anxiety, 
major depressive, and post-traumatic stress disorders, that disproportionately affect women 
(Girgus & Yang, 2015; Tolin & Foa, 2006). Increased stress reactivity is implicated in 
reward-related disorders, such as substance-use disorder, that disproportionately affect 
men (Compton et al., 2007). In accordance with findings reported in several other studies, 
these results demonstrated that men mount more robust activation of the HPA axis in 
response to the TSST compared to women (Childs et al., 2010; Hidalgo et al., 2014; 
Clemens Kirschbaum et al., 1999; Reschke-Hernández et al., 2017; Stephens et al., 2016; 
Uhart et al., 2006). There are also reported sex differences in stress response that seem to 
have a basis in sociological conditioning rather than biological hormone circulation. 
Leistner & Menke (2020) found women challenged with social interaction and rejection 
conditions showed stronger cortisol responses than men, while men faced with verbal and 
mathematical challenges displayed higher cortisol responses than women.  
Liu et al. (2017) also conducted a meta-analysis based on 34 studies (n=1350) 




the relationship between sex and salivary cortisol at baseline, at peak (in response to the 
TSST), and at recovery. Tests of homogeneity showed sex had no significant effect on 
baseline salivary cortisol at pre-TSST (Q = 0.84, df = 1, p = 0.36), but there were significant 
differences at both peak (Q = 21.50, df = 1, p < 0.001) and recovery (Q = 4.61, df = 1, p = 
0.03) between males and females. Males had greater cortisol output at peak and recovery 
than females, suggesting sex differences in the trajectory of stress reactivity between males 
and females. However, other studies have reported contradicting findings where women 
had higher values of cortisol compared to men, which may be due to the different types of 
stressors utilized, subject age, source of hormone sampling, and contraceptive use and 
menstrual cycle stage in female subjects (Bangasser & Valentino, 2014). 
Of note, other psychosocial stressors have probed the impact of stress on behavioral 
and hormonal markers. For example, the Maastricht Acute Stress Test (MAST) is a hybrid 
variation between the cold-pressor test (CPT) and the TSST (Smeets et al., 2012). The 
MAST takes the features of the CPT that elicit the strongest autonomic response and 
combines them with the aspects of the TSST that elicit the strongest HPA axis response.  
 
The Role of Ghrelin in Response to Stress 
Ghrelin is an orexigenic hormone, produced mainly in the stomach, that increases 
appetite and stimulates food intake short term, i.e., from meal to meal. Ghrelin signals 
hunger via action in the hypothalamus, and levels of ghrelin are typically highest right 




and food intake, many researchers have speculated that ghrelin plays a key role in the 
pathogenesis of obesity (Zarouna, 2015). Since obesity is generally thought to develop as 
a result of excessive food intake and/or sedentary lifestyle, it has been hypothesized that 
individuals with obesity would exhibit elevated ghrelin levels compared with lean 
individuals (Shiiya et al., 2002). However, levels of ghrelin were discovered to be lower in 
individuals with obesity compared with lean individuals, suggesting ghrelin could be 
involved in long-term regulation of body weight (Shiiya et al., 2002; Tschöp et al., 2001). 
Crujeiras et al. (2010) suggested individuals with obesity may be more sensitive to ghrelin 
such that lower levels are needed to stimulate hunger, the effects of which would explain 
why individuals who present as overweight may exhibit lower levels of ghrelin than 
expected.  
Changes in eating behaviors associated with stress have been proposed to contribute 
to overweight and obesity, effects which might be sex-dependent (Lovejoy & Sainsbury, 
2009). The majority of research on sex-associated differences in the ghrelin system in 
response to stress consists of preclinical studies. In rodent studies, exposure to chronic 
stress increases levels of circulating ghrelin in both males and females (Chuang & Zigman, 
2010; Elbassuoni, 2014). Elbassuoni (2014) studied sex differences in ghrelin response to 
chronic stress in 96 adult rats, classified into sham-treated male, sham-treated female, 
ovariectomized (Ovx), and ovariectomized with estradiol benzoate (EB) therapy. Results 
showed corticosterone, the primary glucocorticoid secreted in response to stress in rodents, 




groups (Elbassuoni, 2014). The elevated serum ghrelin levels in stressed rats correlated 
with an increase in food intake and body weight. Sham-treated females exhibited 
significantly higher ghrelin levels in response to stress than sham-treated males (2,234.5 ± 
152.7 ng/l vs. 1,189.4 ± 113.3 ng/l). The ovariectomized group however, displayed 
suppressed serum ghrelin level in both unstressed and stressed females (Elbassuoni, 2014). 
EB replacement in Ovx females reversed this and showed augmented ghrelin levels in 
response to stress, similar to those of sham-treated females. In agreement with several other 
reports, this study found sex differences in ghrelin levels in response to stress, attributing 
the significantly higher ghrelin levels in females than males to the female sex hormone, 
estrogen (Greenman et al., 2004; Makovey et al., 2007; Salbe et al., 2004).  
In humans, ghrelin stimulation by HPA axis activation depends on elevated cortisol 
serum levels at the periphery and not at the hypothalamic level (Azzam et al., 2017). In six 
healthy male subjects, cortisol stimulation by exogenous adrenocorticotropic hormone 
(ACTH) and IV injection of exogenous hydrocortisone triggered significantly greater 
ghrelin secretion. However, central stimulation of the HPA axis while blocking cortisol 
synthesis downstream (leading to highly elevated levels of ACTH) failed to stimulate 
ghrelin secretion (Azzam et al., 2017). Moreover, Makovey et al. (2007) studied opposite 
sex twins and found women displayed higher ghrelin levels than men (median 1063 vs. 
869 ng/l, p < 0.01). In individuals who report emotional eating tendencies in response to 
stress (i.e., experiencing food cravings and increased consumption of high-fat and high-




elevated following food consumption (Perelló & Zigman, 2012). In individuals who report 
little change in eating habits in response to stress, elevated ghrelin levels declined acutely 
after food consumption. Such findings support the role of ghrelin in stress-induced and 
reward-based eating (Perelló & Zigman, 2012). Despite the interrelationship between 
ghrelin stimulation by cortisol discussed in the literature, few studies have examined sex 
differences in ghrelin response to stress in human systems. Women’s higher risk of 
developing mood and eating disorders has been attributed to well-established sex 
differences in stress reactivity and reward processing (Boukezzi et al., 2019). 
 
Reward Processing 
Primary and secondary rewards are stimuli that can alter behavior typically by 
reinforcing the behavior to increase their occurrence. Primary rewards, such as food and 
shelter, are considered innate stimuli linked to survival while secondary rewards, such as 
money and power, are more general stimuli that allow us to afford primary rewards (Beck 
et al., 2010). The food incentive delay (FID) and monetary incentive delay (MID) tasks are  
functional magnetic resonance imaging (fMRI) paradigms used to study neural activity 
during different stages of reward-based learning, from the reward anticipation phase 
through the reward receipt phase (Knutson et al., 2000; Simon et al., 2014). Blood-oxygen-
level-dependent (BOLD)-response is a contrast seen during an fMRI event that is 





Knutson et al. (2001) was one of the first studies to demonstrate proportional BOLD 
contrast in the nucleus accumbens (NAcc) in human subjects anticipating increasing 
monetary rewards. The study measured cue reaction times, cue ratings, and brain activation 
in eight healthy subjects responding to different incentive conditions (i.e., reward vs. 
neutral cues of increasing magnitudes). Results showed cue reaction times did not 
significantly differ across incentive conditions, but there was an effect of cue incentive 
value on cue ratings. There were interactions of cue valence and magnitude such that 
ratings of “happiness” increased with increasing reward cue magnitude.  
Spreckelmeyer et al. (2009) examined sex differences in reward processing of 
money and social approval. Sixteen female and sixteen male subjects participated in an 
MID task with the goal to win either money or positive social feedback, in either low, 
intermediate, or high magnitudes. Males, compared to females, reacted significantly faster 
to high monetary rewards than to high social rewards. Incentive type or magnitude did not 
affect reaction times in females. Whereas females showed identical brain region activation 
in anticipation of either money or positive social feedback, males showed strong BOLD-
response in mesolimbic brain regions (i.e., anterior cingulum, caudate, amygdala, cuneus 
and bilateral nucleus accumbens) during anticipation of monetary rewards compared to 
minimal activation during anticipation of social rewards. Higher neural sensitivity and 
stronger activation during anticipation of increasing levels of monetary reward were found 
in males than females. In a more recent study, Dhingra et al. (2020) reported no significant 




that men showed comparatively higher neural sensitivity to monetary rewards of all 
magnitudes.  
Preclinical and human studies report that acute stress principally affects reward 
anticipation and that chronic stress disrupts the mesolimbic dopaminergic pathway through 
which dopamine regulates reward-related behavior (Ironside et al., 2018). Legget et al. 
(2018) sought to understand certain individual propensities for obesity by identifying sex 
differences in neurobiological responses to food cues linked to hedonic eating in fifty-six 
adults. In support of the hypothesis that women are more sensitive to food-related cues than 
men, findings revealed that women showed greater responses to hedonic food cues (vs. 
neutral food cues) than men in brain regions implicated in reward – the nucleus accumbens 
and insula. These findings align with some prior research that identified a pattern of 
increased neuronal response to visual food stimuli in women relative to men (Cornier et 
al., 2010; Uher et al., 2006).  
G. J. Wang et al. (2009) suggested that relative to men, women’s lower ability to 
decrease desire for food and suppress hunger (cognitive inhibition) contribute to the greater 
prevalence of obesity, especially severe obesity, in women compared to men. This study 
used positron emission tomography to measure food stimulation (visual, smell, taste) in 
brain regions involved in emotional regulation and motivation. Under food stimulation 
with cognitive inhibition, men exhibited significantly lowered activity in the amygdala, 
hippocampus, insula, orbitofrontal cortex, and striatum; this effect was not observed in 




hunger. These results may inform why women, relative to men, report more disordered 
eating behaviors and exhibit higher rates of obesity despite expressing greater concern 
about weight management, assigning higher priority to healthy eating, and reporting more 
frequent healthy food consumption (Baker & Wardle, 2003; Courtenay et al., 2002; Wardle 
et al., 2004) 
Killgore and Yurgelun-Todd (2010) studied sex differences in cerebral responses 
to images of food in sixteen healthy adults. Findings suggest that women experience 
stronger activation than men in cortical regions such as the dorsolateral, ventrolateral, and 
ventromedial prefrontal cortex, middle/posterior cingulate, and insula when responding to 
high-calorie foods. Women also reported higher rates of food-related concerns than men. 
Since eating disorders disproportionately affect women, Killgore & Yurgelun-Todd (2010) 
hypothesized that this association may be explained by the different ways men and women 
are socialized around food from a young age.  
 
The Present Study  
Based on the findings in the aforementioned fMRI studies, sex differences in 
reward sensitivity appear to be dependent upon incentive type – females showed greater 
sensitivity to social and food stimuli whereas men showed greater sensitivity to monetary 
stimuli (Baron-Cohen & Wheelwright, 2004). However, none of these studies have looked 
at the effect of stress on response to food-related reward cues. Furthermore, prior studies 




about sex differences in response to the MAST because all participants were of the same 
sex, or there was an unequal sex ratio (O’Connor et al., 2017; Shilton et al., 2017; Smeets 
et al., 2012).  
Thus in the present study, we sought to utilize the MAST and an FID task in healthy 
control subjects, representing a wide BMI range, to address this gap. Identifying sex 
differences in the effect of acute stress on ghrelin and cortisol interactions with brain 
reward circuitry has the potential to inform a mechanistic explanation for obesity resulting 




The overall aim of this study is to investigate the differential impact of stress during 
food reward processing in males versus females. To do so, we will use the following 
methods: 
(1) Measure cortisol and ghrelin at fasting, pre-/post-MAST, and pre-/post-FID 
time points in healthy controls; 
(2) Administer self-report questionnaires to measure subjective perceived threat, 
anxiety, appetite, and mood; and  
(3) Utilize an FID task to collect behavioral data on food cue ratings and reaction 
times, and to assess fMRI BOLD-related activation in predefined regions of 




We expect this study will show: 
(1) Across subjects, the percent increase in cortisol from pre-MAST (T0) to post-
MAST (T20) and in ghrelin from pre-FID (T80) to post-FID (T140) time points 
will be significantly greater at the stress visit than at the no-stress visit. At the 
stress visit, raw cortisol levels at T20 will be more elevated in males than 
females and raw ghrelin levels at T140 will be more elevated in females than 
males.  
(2) Subjects will endorse higher perceived threat, higher state anxiety, greater 
appetite at T140, and more negative mood at T20 during the stress visit than 
during the no-stress visit. At the stress visit, females will endorse higher post-
task perceived threat, greater post-scan state anxiety, greater appetite at T140, 
and more negative mood at T20 than males. No significant sex differences will 
be found in perceived threat, state anxiety, or visual analogue scale (VAS) 
appetite and mood ratings at the no-stress visit. 
(3) At the stress visit, females, relative to males, will rate food reward (vs. neutral) 
cues as having a higher hedonic value and show faster reaction times to food 
(vs. neutral) cues, as well as a greater degree of functional response in the 
caudate, NAcc, putamen, amygdala, and hypothalamus, as quantified by beta 
estimates, in response to food reward (vs. neutral) receipt. At the no-stress visit, 
there will be no significant sex differences in food cue ratings, reaction times, 




CHAPTER 2: METHODS 
 
Participants  
 A total of 42 subjects (21 females and 21 males) were enrolled in the present study. 
Healthy individuals between the ages of 21 and 45 with body mass index (BMI) between 
18 and 35 were recruited using online advertisements as the primary recruitment method. 
Exclusion criteria included: history of substance abuse; history of or current psychiatric 
disorder; current psychotropic medication use; mental retardation; endocrine disorders; 
diabetes; cardiovascular disease; weight loss medication treatment; glucocorticoids; 
steroids; contraindications for MRI; history of neurological disease; current suicidal 
ideation; traumatic brain injury; for females, pregnancy or breastfeeding, hormonal 
contraceptive medications, and present or past amenorrhea for greater than three months.  
Complete data from both visits were obtained from 38 participants (19 females and 
19 males). Four participants (2 females; 2 males) did not complete all procedures at both 
main study visits. Thus, some analyses included data that were available from all n=42 for 
procedures that were completed by the entire sample. Participants were compensated up to 
$425 for completing all parts of the study. All study procedures were approved by the 






 Participants were first pre-screened through a phone call with a trained research 
assistant to determine initial eligibility. The participants completed three in-person visits 
on different days. The first visit was a screening visit for pre-screened eligible participants 
to determine study eligibility. Questions focused on specific exclusion criteria that would 
preclude participation in the study. The second and third study visits were experimental 
sessions consisting of the stress manipulation or lack thereof, blood draws, neuroimaging 
session, and an ad libitum snack period. 
Screening visit 
 During the screening visit, participants were oriented to study expectations, risks, 
and benefits, and provided written informed consent. To assess for major psychiatric 
disorders, a trained clinical interviewer with over 20 years of experience administered the 
Mood Episode, Mood Differential, Psychosis, and Eating Disorders modules of the 
Structured Clinical Interview for Diagnoses (SCID-IV) for DSM-IV-TR (Spitzer et al., 
2002). Height, weight, and BMI were obtained and a blood draw was taken for hematocrit 
level. 
Main visits 
 Participants who were deemed eligible to continue then came in for two main visits, 
one week apart. Both visits consisted of the same procedures except for the version of the 
Maastricht Acute Stress Task (MAST) that was administered. Female participants were 




levels of estrogen are most similar to that of males. Based on a 28-day cycle, the follicular 
phase starts on the first day of menstruation (day 1) and ends with ovulation (day 14). All 
visits were completed between 0800 and 1300 h, following a 12 h overnight fast.  
A nurse inserted a saline lock intravenous (IV) catheter into the antecubital vein for 
serial blood sampling at seven time points. Appetite and mood ratings were also determined 
during these time points. Following a fasting baseline blood draw, participants consumed 
a breakfast meal standardized for micro- and macronutrient content. The meal contained 
30% of their recommended daily caloric intake – varying according to each person’s basal 
metabolic rate and physical activity level as measured by the Harris-Benedict equation 
(Harris, J.A.; Benedict, 1919) – with 18% calories from protein, 23% calories from fat, and 
59% calories from carbohydrates.  
 Participants were randomly assigned to complete either the Stress or No-stress 
version of the MAST (Smeets et al., 2012) on their first visit. On their final visit, they 
would complete the other version. Due to the random assignment, some participants 
completed the stress version first, then the no-stress version second, and vice versa. For the 
MAST procedure, participants were introduced to a female experimenter posing as a doctor 
who informed them that they would be completing a water and math task. Both versions 
of the MAST began with a 5 min introduction and preparation phase, followed by a 10 min 
test phase involving hand immersion trials alternating with mental arithmetic trials. The 




about giving no feedback on performance. The study staff member playing the role of the 
experimenter was held constant across both visits for each subject. 
During the stress visit, participants endured socially evaluated cold pressor hand 
immersion trials alternating with mental arithmetic trials during which participants were 
asked to count backwards from 2,043 in intervals of 17. Similar to the TSST, participants 
were instructed to perform the mental arithmetic as fast and accurate as possible. If the 
participant made a mistake, they were instructed to start over from 2,043. Participants were 
told that they would be videotaped by a webcam mounted to the computer in front of them 
in order to assess for facial expressions of pain. This was a point of deception used to 
increase levels of stress. In reality, the camera was not recording. Following the last cold 
water hand immersion trial, regardless of the participant’s actual performance, the 
experimenter told the participant that their performance was poor so they would need to 
repeat the task at a later point during the visit. This manipulation served to induce a 
sustained level of stress throughout the duration of the visit.  
 During the no-stress visit, lukewarm water between 35° and 37°C was used during 
the hand immersion trials and the deceptive information about videotaping and poor 
performance was omitted. Alternating between warm water hand immersion trials, 
participants were instructed to count consecutively from 1 to 25 at a comfortable pace and 
to start over when they reached 25.  
 Following the MAST, participants underwent the fMRI scanning session. A food 




reward responsivity during food reward anticipation and receipt. After the fMRI session, 
participants were escorted to a quiet room and allowed 30 min ad libitum access to 
preselected snack foods. Participants were left alone in the room during the snack period 
and were not aware that their snack intake would be recorded. At the end of the visit, 





 Height was measured using a stadiometer during the screening visit and weight 
using a scale during each main visit. The scale used was the same across both visits. Using 
the height and weight measurements, body mass index (BMI) was calculated for each visit 
and averaged across visits. 
Ghrelin and cortisol sampling 
 Seven blood draws were taken. Once the angiocatheter was inserted, the nurse 
waited 15 minutes before taking the fasting baseline draw to unconfound the stressful 
aspect of IV placement on cortisol levels. Time 0 (T0) blood sample was obtained 
following the breakfast meal and immediately before the MAST. Time 20 (T20) blood 
sample was obtained immediately after the MAST. The T80 and T105 blood draws were 
taken during the fMRI scan, and T140 was taken immediately post-scan. The T190 blood 
draw was taken at the end of the study after the ad libitum snack period. All serum samples 




solution of phenylmethanesulfonylfluoride in methanol until assayed using 
electrochemiluminescence immunoassay. 
Threat/Challenge Questionnaire 
 Pre- and post-task appraisals were measured pre-MAST and post-MAST using the 
threat/challenge questionnaire (Mendes et al., 2007). The task appraisal statements (e.g., 
“The upcoming cognitive task is very demanding”; “The cognitive task will be very 
stressful”; “I feel that I have the abilities to perform the cognitive task successfully”) were 
ranked on a 7-point Likert scale ranging from “Strongly Disagree” to “Strongly Agree.” 
There are six “demand” appraisal questions assessing the degree to which a participant 
perceived the MAST task to be demanding or stressful and five “resources” appraisal 
questions assessing whether a participant believed they had the coping resources to perform 
the task successfully. A demand/resources ratio was calculated at pre-task and post-task 
time points to create a threat index. Responses to the “demand” items and responses to the 
“resources” items were averaged separately, then the average “demand” score was divided 
by the average “resources” score. A demand-to-resources-ratio higher than 1 indicates a 
state of threat, whereas a ratio lower than 1 indicates a state of challenge. 
STAI state anxiety 
 Pre- and post-scan state anxiety was measured before and after undergoing the 
fMRI scan using the State-Trait Anxiety Inventory (Spielberger et al., 1983). The 
statements (e.g., “I feel calm”; “I feel secure”; “I am tense”) were ranked on a 4-point 




Appetite and mood VAS 
 Ratings of appetite and mood were measured using an electronic visual analogue 
scale (VAS) system (Whybrow et al., 2006). The VAS scales were marked from a line 
anchored by 0 (“not at all”) to 100 (“never been more”). Subjects placed a vertical mark 
on the line to endorse their hunger, sadness, and tension at the moment. The VAS questions 
(i.e., “How hungry do you feel?”; “How sad do you feel?”; “How tense do you feel?”) were 
measured at seven time points throughout the main visits: upon participant arrival 
(baseline), after breakfast meal/pre-MAST (T0), post-MAST (T20), during fMRI scan 




Figure 1: Schematic of Food Incentive Delay (FID) and Monetary Incentive Delay 
(MID) task. The anticipation phase spanned from the start of the cue period to the end of 




We employed a ‘food incentive delay’ (FID) task, as proposed by Simon et al. 
(2014), to elicit neural responses during anticipation and receipt phases of reward (see 
Figure 1). Participants were told that snacks won during the FID task would be available 
for consumption immediately after the scan. Participants completed three runs of the FID 
task. Each run had either 33 or 34 trials assessing responses to reward or no incentive 
(neutral) cues. During each trial, participants were shown either a triangle reward cue or a 
hexagon no incentive cue for 1.5 sec, followed by a crosshair on which they fixated for a 
variable duration of 1-6 sec (anticipation phase) until a circle target appeared for 0.367 sec. 
When the target appeared, participants were instructed to press a button as quickly as 
possible and their reaction time was recorded. After reacting to the reward or no incentive 
cue, participants experienced a delay of variable duration from 1-6 sec and then saw a 
visual cue for 1.5-1.65 sec (receipt phase) indicating outcome (success or fail). In reward 
trials, success was indicated with a picture of a snack basket which signified that the 
participant had won snacks on that trial (Full Basket Success). Reward fail was indicated 
with a picture of a snack basket with a red “X” overlaid on it which signified that the 
participant had not won snacks on that trial. In no incentive trials, success was indicated 
by a picture of a large gray rectangle (No Incentive Success) and fail was indicated by a 
picture of the same gray rectangle with a red “X” overlaid on it. Participants were prompted 
to rate the reward value (valence) of the food reward vs. no incentive cues and outcomes 





 During the screening visit, participants selected five preferred snacks from a variety 
of options ranging in caloric density and nutritional value. All subjects were told that these 
five snacks would be offered at the main study visits during the ad libitum snack period. 
After the snack period at the visits, the Center for Clinical Investigation (CCI) dietary staff 
calculated the total calories consumed. 
 
Statistical Methods 
 Functional MRI data were preprocessed using Statistical Parametric Mapping 
(SPM), version SPM12 (Wellcome Centre for Human Neuroimaging | FIL | UCL, n.d.). 
fMRI BOLD-related activation during the anticipation and receipt phases were categorized 
into four primary conditions of interest: reward anticipation, neutral anticipation, reward 
receipt, and neutral receipt. Contrasts of interest included reward anticipation vs. neutral 
anticipation and reward receipt vs. neutral receipt during the stress and no-stress visits. To 
represent the relationship between activation in mesolimbic circuitry and reward 
sensitivity, degree of functional response (beta estimates, β) was determined for each 
contrast and each subject within five anatomically-defined regions of interest implicated in 
reward – the caudate, NAcc, putamen, amygdala, and hypothalamus. Contrast analyses 
were performed, and beta estimates were extracted from the ROIs and exported to the 




IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp) for further 
analysis.  
All self-report questionnaire, serology, and fMRI cue ratings, reaction times, and 
brain activity data were analyzed in SPSS. Level of significance was set at p < 0.05. Sex 
differences in demographic data (i.e., age, race, BMI) were examined with chi-squared 
analysis for race and t-tests for age and BMI. Baseline characteristics (i.e., hunger, sadness, 
tension, cortisol, ghrelin) were examined using paired and independent samples t-tests. The 
main analysis performed on clinical variables of interest was a repeated measures analysis 
of variance (ANOVA). The fMRI brain data were analyzed using a repeated measures 
multivariate analysis of variance (MANOVA). Post-hoc comparisons were performed 
using t-tests. When sphericity was violated, the Greenhouse-Geisser correction was used. 
The effects of sex and visit on raw change and percent change in cortisol and ghrelin 
levels were analyzed using four separate 2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) 
repeated measures ANOVAs. Significant differences were followed-up with t-tests. 
Pre-/post-task perceived threat and pre-/post-scan STAI state anxiety were 
analyzed using two separate 2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) × 2 (Time: 
Pre/Post) repeated measures ANOVAs. Significant differences were followed-up with t-
tests.  
VAS ratings of hunger at T140, sadness at T20, and tension at T20 were analyzed 
using three separate 2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) repeated measures 




ratings were conducted to examine any significant effects of sex or visit on endorsement 
of perceived threat, anxiety, appetite, and mood. 
FID food reward vs. no-incentive ratings were analyzed using a 2 (Sex: 
Female/Male) × 2 (Visit: Stress/No-stress) × 2 (Trial: Reward/No Incentive) × 3 (Outcome: 
cue, success, fail) repeated measures ANOVA (see Figure 2). FID food reward success vs. 
no-incentive success reaction times were analyzed using a 2 (Sex: Female/Male) × 2 (Visit: 
Stress/No-stress) × 2 (Trial: Reward Success/Neutral Success) repeated measures 
ANOVA. Finally, fMRI beta estimates extracted from the caudate, NAcc, putamen, 
amygdala, and hypothalamus were analyzed using a 2 (Sex: Female/Male) × 2 (Visit: 
Stress/No-stress) × 2 (Phase: Anticipation/Receipt) repeated measures MANOVA. 




Figure 2: The (Sex × Visit × Trial × Outcome) ANOVA model used to analyze FID task 




CHAPTER 3: RESULTS 
 
Demographics 
Out of the 42 participants in this study, two males and two females did not provide 
complete data for analysis. There are no missing data on age and BMI but one female did 
not provide her race. The sample, consisting of 50% females and 50% males, was 63.4% 
Caucasian, 14.6% Black, 14.5% Asian, and 7.5% other race. The mean age of the sample 
was 28.5 years (SD = 5.36) with a range of 21-45 years, and the mean BMI was 26.1 (SD 
= 4.44) with a range of 18.5-35. Demographic information and group differences are 
summarized in Table 1.  
 
Table 1. Participant Demographic Data by Sex. Table shows no statistically significant 







n = 21 
Males 
Mean (SD) 
n = 21 
Test value p value 
Age (years) 28.7 (6.08) 28.3 (4.67) t(40)=.22 .821 
Race (% Caucasian) 70 57.1 χ2(1) =.73 .393 
BMI (kg/m2) 26.6 (4.53) 25.5 (4.38) t(40)=.83 .409 
Abbreviations: SD = Standard Deviation, BMI = Body Mass Index. 
 
Clinical Characteristics  
Sample characteristics of hunger, sadness, tension, cortisol, and ghrelin levels were 




not provide baseline hunger, sadness, and tension scores; one female did not provide 
complete ghrelin data and two females did not provide complete cortisol data. The criteria 
for determining outlier values of ghrelin to be excluded from the analysis was 1) exceeds 
upper limit of assay detection, > 1600 pg/mL, or 2) shows no changes over time points. 
The number of outliers varied across time points and conditions. Baseline clinical 
characteristics for females and males between visits are summarized in Table 2. Baseline 
characteristics were examined within males and females for differences between the stress 
and no-stress visits using paired t-tests, and across visits for differences between males and 
females using independent samples t-tests (Table 3). Paired t-tests showed there were no 
significant differences in baseline characteristics within females and within males, between 
the stress and no-stress visits. Independent t-tests revealed no significant differences in 
baseline characteristics between males and females across visits (all ps > 0.05). 
 
Table 2. Participant Baseline Characteristics by Sex and Visit. Baseline characteristics 










No-stress, Male  
Mean (SD) 
Hunger 52.8 (29.4)  56.9 (28.7) 52.7 (27.2) 66.8 (22.0) 
Sadness  6.6 (16.8) 2.85 (8.14) 3.90 (9.75) 2.76 (6.24) 
Tension  9.85 (19.7) 10.7 (20.5) 17.8 (21.7) 14.8 (23.6) 
Cortisol 
(µg/dl) 
11.5 (4.09) 12.8 (3.13) 12.5 (5.97) 12.5 (4.05) 
Ghrelin 
(pg/mL) 
461 (256) 434 (234) 580 (291) 457 (340) 




Table 3. Participant Baseline Characteristics Test Statistics. Baseline characteristics 
were not significantly different between visits within females or within males, nor 





Paired t-test value,  
Stress vs. No-stress Visit 
Independent t-test value,  




































































A.  B.  
C.  D.  
Figure 3: Raw mean (A-B) cortisol and (C-D) ghrelin values across six sampling points: 
T0, T20, T80, T105, T140, and T190 [shown on the x-axis as time in minutes from pre-





Raw cortisol change from pre-MAST (T0) to post-MAST (T20) was analyzed using 
a 2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) repeated measures ANOVA. The 
results revealed a significant main effect of Visit [F(1,36) = 19, p < 0.001; partial η2 = 
0.345], driven by greater raw increase in cortisol at the stress visit than at the no-stress visit 











          












          





0.063], as cortisol increase was more pronounced in males (mean change ± SD: stress visit, 
3.17 ± 3.24 µg/dL; no-stress visit, 1.1 ± 2.98 µg/dL) than in females (mean change ± SD: 
stress visit, 1.56 ± 2.43 µg/dL; no-stress visit, -0.158 ± 1.77 µg/dL). At the stress visit, 
males experienced greater increase in raw cortisol levels from pre-MAST (T0) to post-
MAST (T20) compared to females, but contrary to our hypothesis, the difference in 
elevation between males and females [mean difference (SD) = 1.55 (0.907) µg/dL; p = 
0.097] was not statistically significant (Figure 4A). A paired t-test revealed a significant 
effect of visit on cortisol levels at T20 collapsed across sex, with subjects having 
significantly higher raw cortisol levels at the stress visit than the no-stress visit [mean 
difference (SD) = 1.74 (4.32); p = 0.018]. Independent t-tests revealed that males had 
significantly higher raw cortisol levels than females [mean difference (SD) = 2.79 (1.37); 
p = 0.048] at post-MAST time point T20 during the stress visit (Figure 5A), but there was 
no significant sex difference in raw cortisol levels at T20 during the no-stress visit (p = 
0.211).  
When cortisol increase was calculated as percent change from T0 to T20, the Sex × 
Visit repeated measures ANOVA showed a significant main effect of Visit [F(1,36) = 16.6, 
p < 0.001; partial η2 = 0.316], driven by greater percent increase in cortisol at the stress 
visit than the no-stress visit (p < 0.001). Figure 4 shows raw increase (mean change ± SD: 
stress visit, 2.36 ± 2.94 µg/dL; no-stress visit, 0.471 ± 2.50 µg/dL) and percent increase 




from T0 to T20. Figure 4B shows, as hypothesized, the T0 to T20 percent increase in 
cortisol was significantly greater at the stress visit than at the no-stress visit (p < 0.001).  
Ghrelin 
Raw ghrelin change from pre-FID (T80) to post-FID (T140) was analyzed using a 
2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) repeated measures ANOVA. The results 
revealed no significant main effects of Sex [F(1,34) = 0.739, p = 0.396, partial η2 = 0.021] 
or Visit [F(1,34) = 2.43, p = 0.129, partial η2 = 0.067] on raw ghrelin change from T80 to 
T140. Figure 4C shows no difference in ghrelin raw change across visits between females 
(mean change ± SD: stress visit, 108 ± 98.7 pg/mL; no-stress visit, 199 ± 210 pg/mL) and 
males (mean change ± SD: stress visit, 125 ± 97.1 pg/mL; no-stress visit, 121 ± 126 
pg/mL). Contrary to our predictions, the difference in ghrelin elevation between females 
and males [mean difference (SD) = 16.8 (32.3) pg/mL; p = 0.606] was not significantly 
different at the stress visit. Independent t-tests showed that females had significantly higher 
raw ghrelin levels than males at T80 during the stress visit [mean difference (SD) = 205 
(92); p = 0.032], but not during the no-stress visit (p = 0.174). Females did not have 
significantly higher ghrelin than males [mean difference (SD) = 132 (85.9); p = 0.132] at 
post-FID (T140) during the stress visit (Figure 5B). 
When ghrelin increase was calculated as percent change from T80 to T140, the Sex 
× Visit repeated measures ANOVA showed no significant main effects of Sex [F(1,34) = 
1.92, p = 0.175, partial η2 = 0.054] or Visit [F(1,34) = 0.602, p = 0.443, partial η2 = 0.017]. 




stress visit, 159 ± 170 pg/mL) and percent increase (mean ± SD: stress visit, 45.4 ± 36.3%; 
no-stress visit, 52.4 ± 45.4%) in ghrelin from T80 to T140. Figure 4D shows, contrary to 
our hypothesis, the percent increase in ghrelin across subjects was not significantly greater 
at the stress visit than at the no-stress visit (p = 0.443).  
  
A.  B.
C.  D.    
Figure 4: Cortisol (A) raw change and (B) percent change from pre-MAST to post-MAST 
with a main effect of Visit [p < 0.001] and trend for Sex [p = 0.063]. Ghrelin (C) raw change 
and (D) percent change from pre-FID to post-FID with no main effects [all ps > 0.05]. 







A.  B.  
 
Figure 5: Raw hormone levels during the stress visit. (A) Males, compared to females, 
had significantly higher raw cortisol levels at post-MAST time point. (B) Females, 
compared to males, had significantly higher raw ghrelin levels at pre-FID time point, but 
not at post-FID time point. Error bars reflect the standard error of the mean. n.s. = not 




Perceived threat, as measured by the demand-to-resources ratio of the 
Threat/Challenge Questionnaire (TCQ), was analyzed using a 2 (Sex: Female/Male) × 2 
(Visit: Stress/No-stress) × 2 (Time: Pre-task/Post-task) repeated measures ANOVA. The 
results revealed a significant main effect of Visit [F(1,34) = 71.6, p < 0.001] on perceived 
threat, driven by significantly greater perceived threat at the stress visit than at the no-stress 
visit (p < 0.001). There were no main effects of Sex [F(1,34) = 0.349, p = 0.559, partial η2 
= 0.010] or Time [F(1,34) = 1.01, p = 0.321, partial η2 = 0.029] on TCQ ratio. As predicted, 
subjects endorsed significantly higher perceived threat at the stress visit (Figure 6A) than 
at the no-stress visit (p < 0.001), and there were no sex differences in perceived threat 




STAI state anxiety 
State anxiety, as measured by the STAI, was analyzed using a 2 (Sex: Female/Male) 
× 2 (Visit: Stress/No-stress) × 2 (Time: Pre-scan/Post-scan) repeated measures ANOVA. 
The results revealed a trend-level significant (p = 0.067) Visit × Time interaction on pre-
scan and post-scan STAI state anxiety scores. Analysis of simple main effects showed 
subjects endorsed significantly higher pre-scan anxiety during the no-stress visit than the 
stress visit (0.007) and trend-level significantly higher scores at post-scan than pre-scan 
during the stress visit (p = 0.088). There was no significant main effect of Sex [F(1,35) = 
0.048, p = 0.828, partial η2 = 0.001]. Contrary to our predictions, subjects endorsed 
significantly higher pre-scan anxiety during the no-stress visit than the stress visit (Figure 
6B) and there were no sex differences in state anxiety scores across visits and pre-/post-
scan time points (all ps > 0.05).  
 
A.  B.  
Figure 6: (A) The significant main effect of visit on pre-task and post-task perceived threat 
with a demand-to-resource ratio higher than 1 indicating a state of threat and a ratio lower 
than 1 indicating a state of challenge. (B) The trend-level Visit × Time interaction effect 
on mean total STAI state anxiety scores at pre-scan and post-scan. Error bars reflect the 




VAS appetite and mood  
 
A.   
B.  C.  
Figure 7: Time-varying mean (A) hunger, (B) sadness, and (C) tension scores across six 
time points: T0, T20, T80, T105, T140, and T190 [shown on the x-axis as time in minutes 
from pre-MAST time point, T0]. Error bars reflect the standard error of the mean. All VAS 
score analyses were performed using repeated measures ANOVAs focused on mean scores 
at T20 for hunger, and T140 for sadness and tension. Data plotted for illustrative purposes. 
 
Appetite (i.e., hunger ratings) at post-FID time point T140 was analyzed using a 2 
(Sex: Female/Male) × 2 (Visit: Stress/No-stress) repeated measures ANOVA. The results 
revealed no significant main effects of Sex [F(1,37) = 2.69, p = 0.110, partial η2 = 0.068] 
or Visit [F(1,37) = 0.006, p = 0.938] on appetite at T140. Mood (i.e., sadness and tension 
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Stress/No-stress) repeated measures ANOVAs. The results revealed a significant main 
effect of Visit on sadness [F(1,37) = 8.65, p = 0.006; partial η2 = 0.190] and tension [F(1,37) 
= 23.7, p < 0.001; partial η2 = 0.391], driven by higher ratings of sadness and tension at the 
stress visit than at the no-stress visit. As hypothesized, subjects endorsed significantly more 
negative mood (higher sadness and tension ratings) at T20 during the stress visit (mean 
± SD: sadness, 10.6 ± 20.4; tension, 26 ± 26.8) than during the no-stress visit (mean ± SD: 
sadness, 3.33 ± 8.08; tension, 7.08 ± 14.3). Figure 8 shows, contrary to our hypothesis, that 
there were no sex differences in appetite or mood endorsements across visits; appetite also 




Figure 8: (A) No main effects of Sex or Visit on hunger. (B-C) No main effect of Sex, and 
main effect of Visit on sadness and tension [all ps < 0.05]. Error bars reflect the standard 




FID Task Behavioral Data  
Valence ratings 
Valence ratings were analyzed using a 2 (Sex: Female/Male) × 2 (Visit: Stress/No-
stress) × 2 (Trial: Reward/No-incentive) × 3 (Outcome: Cue, Success, Fail) repeated 
measures ANOVA (see Figure 2). The results revealed a significant Trial × Outcome 
interaction effect on valence ratings, F(2,35) = 16.1, p < 0.001. Simple main effects 
analysis showed that reward trials were rated significantly more positively than no-
incentive trials when the outcome was cue (p < 0.001) or success (p < 0.001), but there was 
no statistically significant difference in valence ratings between reward vs. no-incentive 
trials when the outcome was fail (p = 0.110). Valence ratings of reward cue were more 
positive than ratings of no-incentive cue (mean ± SD: reward cue, 5.93 ± 0.889; no-
incentive cue, 5.32 ± 0.722). Valence ratings of reward success were more positive than 
ratings of no-incentive success (mean ± SD: reward success, 6.87 ± 1.32; no-incentive 
success, 5.57 ± 1.04). There was no difference between ratings of reward fail and no-
incentive fail (mean ± SD: reward fail, 3.11 ± 1.12; no-incentive fail, 3.34 ± 1.05). Cue and 
success outcomes were rated significantly more positively than fail outcomes across reward 
and no-incentive trials (all ps < 0.001). Success outcomes were rated significantly more 
positively than cues when the trial was reward (p < 0.001), but not when the trial was no-
incentive (p = 0.136).  
Contrary to our predictions, there were no significant main effects of Sex or Visit 




Outcome (cue, success, or fail) on ratings were qualified by a significant Trial × Outcome 
interaction effect. Figure 9 shows the simple main effect of trial on valence ratings at each 
of the three levels of outcome, and the simple main effect of outcome on valence ratings at 




Figure 9: Valence ratings, averaged across visits and collapsed across sexes, ranging from 
1 [most negative] to 5 [neutral] to 9 [most positive]. There was a significant interaction 
between Trial and Outcome effects on ratings. Significant and not significant simple main 
effects are shown. Error bars reflect the standard error of the mean. n.s. = not significant, 







Reaction times during success outcome trials were analyzed using a 2 (Sex: 
Female/Male) × 2 (Visit: Stress/No-stress) × 2 (Trial: Reward Success/No-incentive 
Success) repeated measures ANOVA. The results revealed a significant main effect of 
Trial [F(1,37) = 9.08, p = 0.005, partial η2 = 0.197], driven by significantly faster reaction 
times to reward success than no-incentive success (p = 0.004). Across visits, subjects had 
faster reaction times to reward trials than to no-incentive trials (mean ± SD: reward success, 
422 ± 60.1 ms; neutral success, 429 ± 58.9 ms). There was also a significant main effect of 
Sex [F(1,37) = 6.73, p = 0.014, partial η2 = 0.154], driven by males reacting significantly 
faster than females to reward success (p = 0.018) and no-incentive success (p = 0.010). 
Contrary to our predictions, across visits, males had significantly faster reaction times than 
females to reward success (mean ± SD: males, 400 ± 40.3 ms; females, 444 ± 68.2 ms) and 
no-incentive success (mean ± SD: males, 405 ± 41.7 ms; females, 452 ± 63.9 ms). There 
was no main effect of Visit [F(1,37) = 0.01, p = 0.919, partial η2 < 0.001] on reaction times, 






Figure 10: The significant main effects of trial and sex on mean reaction times. Reaction 
times were significantly slower across subjects for no-incentive success trials than for 
reward success trials. Males had significantly faster reaction times than females across 
reward success and no-incentive success trials. Error bars reflect the standard error of the 
mean. * = p < 0.05. 
 
fMRI Results 
Brain activity in response to reward (vs. neutral) anticipation and receipt was 
analyzed using a 2 (Sex: Female/Male) × 2 (Visit: Stress/No-stress) × 2 (Phase: 
Anticipation/Receipt) repeated measures MANOVA with caudate, NAcc, putamen, 
amygdala, and hypothalamus as the dependent variables. The results revealed a significant 
main effect of Phase [F(1,36) = 16.8, p < 0.001, partial η2 = 0.318] on BOLD signal 
activation in the amygdala, driven by greater amygdala activation in response to food 
reward (vs. neutral) receipt than to food reward (vs. neutral) anticipation (p < 0.001). Beta 
estimates averaged across visits and collapsed across sex (see Figure 11A) were 
significantly higher in the amygdala during the receipt phase (mean ± SD: 0.515 ± 0.694) 




were no significant main effects of Sex or Visit (all ps > 0.05) on activation in any of the 
ROIs (Figure 11B-C).  
There was a trend-level significant Sex × Visit interaction effect [F(1,36) = 3, p = 
0.092] on BOLD signal activation in the caudate (Figure 11D). Analysis of simple main 
effects revealed the caudate showed a trend towards greater activation at the no-stress visit 
than at the stress visit in females (p = 0.08) but not males (p = 0.453). There were no other 














Figure 11: (A) Beta estimates averaged across visit and collapsed across sex, showing 
significant main effect of phase in the amygdala, but not in any of the other structures. 
Across (B) sexes and (C) visits, amygdala BOLD signal activity was greater in response 
to reward receipt than to reward anticipation. (D) The trend-level Sex × Visit interaction 
effect on caudate activity, showing a trend-level significant greater caudate BOLD 
activity at the no-stress visit than at the stress visit for females. Error bars reflect the 




CHAPTER 4: DISCUSSION 
 
The purpose of this study was to investigate sex differences in the effect of 
psychosocial stress on hormones, self-reported measures, behavior, and brain activity. The 
major findings of this study were that, stress (i) significantly increased cortisol and ghrelin 
levels in females and males, (ii) elicited a more robust HPA axis cortisol response in males 
than females and (iii) higher raw ghrelin levels in females than males at pre-FID time point, 
(iv) induced higher perceived threat and more negative post-MAST mood across subjects, 
and (v) did not induce sex differences in relation to appetite, food cue ratings, reaction 
times, or functional response in ROIs. 
This study demonstrated that there are sex differences in physiological response to 
stress that are not translated in the subjective ratings. There was a significant effect of stress 
on subjective self-reported pre- and post-task perceived threat, pre-scan state anxiety, and 
post-MAST mood, but no sex differences were observed. Although males, compared to 
females, showed significantly greater activation of HPA axis cortisol response to 
psychosocial stress, there were no sex differences in subjective ratings of perceived threat, 
state anxiety, or mood. These results concur with previous findings involving physiological 
difference and subjective similarity in response patterns between males and females – 
females report experiencing similar levels of subjective anxiety and negative mood 
compared to males, despite showing a weaker cortisol response to stress (Gillies & 




Hernández et al., 2017; Stephens et al., 2016). These findings have implications for sex 
differences in the incidence of mood disorders that alter eating behaviors and contribute to 
the development of obesity (Girgus & Yang, 2015; Tolin & Foa, 2006). The non-linear 
relationship between physiological and subjective stress responses in the context of acute 
psychosocial stress induced in a laboratory setting may be explained in part by societal 
gender stereotypes and social feedback that encourages men to suppress emotions and 
women to express emotions. Therefore, we cannot reliably extrapolate from subjective self-
reports of perceived threat, anxiety, and mood to a physiological response of the individual 
to stressful conditions. 
As predicted, subjects showed significantly greater increase (i.e., raw change and 
percent change) in cortisol from pre-MAST to post-MAST at the stress visit than the no-
stress visit, and males had a more robust HPA axis cortisol response to stress than females 
(Figure 4A-B). However, the effect of stress on ghrelin increase was more nuanced. There 
seemed to be no effect of stress on ghrelin elevation, as increase in ghrelin from pre-FID 
(T80) to post-FID (T140) between visits was not significantly different (Figure 4C-D), but 
there was a significant interaction between sex, visit, and time effects on raw ghrelin levels 
at T80 and T140 (Figure 5B). Since ghrelin stimulated by HPA axis cortisol in response to 
stress is further increased by the hormone estrogen, according to previous preclinical and 
human studies, we hypothesized that females would show significantly greater ghrelin 
elevation than males at the stress visit (Azzam et al., 2017; Elbassuoni, 2014; Greenman et 




did not experience significantly greater percent increase in ghrelin during the stress visit 
than during the no-stress visit. There were no sex differences in raw ghrelin change across 
visits, and post-FID raw ghrelin levels were not significantly higher in females than males. 
However, females had significantly greater ghrelin levels than males at T80 but not at T140 
during the stress visit, with males exhibiting slightly greater raw ghrelin increase than 
females during the FID task (Figure 5B). This sex difference was abolished at the no-stress 
visit. It is possible that stress-induced ghrelin elevation during the stress visit was not able 
to overpower the ghrelin-reducing effect of meal consumption at T0. These findings may 
also be explained by sex differences in emotional eating tendencies, which were not 
accounted for in our study. Perelló & Zigman (2012) found that in individuals who report 
emotional eating tendencies in response to stress, stress-induced ghrelin elevation 
remained elevated following food consumption whereas in those who report no change in 
eating habits, stress-induced ghrelin elevation declined drastically after eating. Thus, if 
females in our study had significantly greater emotional eating tendencies than males, 
ghrelin levels at the stress visit may have remained elevated in females and declined acutely 
in males following the breakfast meal at T0, explaining why females started out with 
significantly higher ghrelin levels than males at pre-FID but did not experience a greater 
increase in ghrelin during the FID task. Additionally, neither stress nor sex seemed to 
influence appetite ratings at T140, but this makes sense considering the lack of sex 




Opposite of what we expected, subjects endorsed significantly lower, instead of 
higher, pre-scan state anxiety at the stress visit than at the no-stress visit (Figure 6B). This 
finding indicates there may be a potential confounding influence of chronic stress levels 
amongst our subjects. Matthews et al. (2001) found that individuals with high chronic stress 
levels, compared to individuals with low chronic stress levels, showed lower plasma 
cortisol levels during a 60 minute recovery period after exposure to acute stress. Our study 
measured pre-scan state anxiety 60 minutes post-MAST, and did not take into account the 
HPA suppressing effect of chronic stress levels on cortisol during recovery. Mean anxiety 
scores may have been significantly lowered at the stress visit compared to the no-stress 
visit by some individuals with high chronic stress exhibiting a steeper drop in cortisol levels 
during recovery, and therefore experiencing lower pre-scan anxiety at the stress visit than 
at the no-stress visit.  
We failed to reject the null hypothesis of a significant effect of stress on cue valence 
ratings (hedonic value), reaction times (incentive motivation), and functional response in 
the caudate, NAcc, putamen, amygdala, and hypothalamus during food reward anticipation 
or receipt (reward sensitivity). This finding is contrary to previous studies which have 
suggested that acute stress is linked to blunted affective processes (anhedonia), increased 
motivation to pursue rewards, and heightened reward sensitivity in the caudate and NAcc 
in response to reward anticipation (Berghorst et al., 2013; Hollon et al., 2015; Ironside et 
al., 2018). Again, these results may be related to the presence of some subjects with high 




chronic stress. Prior research suggests that chronic stress, including early life stress, 
moderates the effects of stress on incentive motivation and reward sensitivity such that 
individuals under acute stress conditions with severe chronic stress exhibit reduced 
motivation to pursue rewards and reduced striatal activation during reward anticipation 
(Hanson et al., 2016; Ironside et al., 2018). A sex difference in reaction times was found 
across visits, with males consistently reacting to reward and neutral cues significantly faster 
than females. This suggests a sex difference in incentive motivation that does not change 
under psychosocial stress conditions, possibly due to the game-like nature of the reaction 
speed measure inspiring greater competitive tendencies in males than females.  
  Lastly, our hypothesis predicted that females, relative to males, would show 
greater BOLD signal activation in the caudate, NAcc, putamen, amygdala, and 
hypothalamus during food reward (vs. neutral) receipt. We found no sex difference in 
BOLD activation in any of the ROIs during reward anticipation and receipt, which 
contradicts some prominent findings in the literature of acute stress increasing reward 
sensitivity to hedonic food reward in females, but not males, in the amygdala, caudate, 
NAcc, and putamen during reward anticipation but not receipt (Cornier et al., 2010; 
Ironside et al., 2018; Kumar et al., 2014; Legget et al., 2018; Uher et al., 2006; G. J. Wang 
et al., 2009). The designs of many of these studies differed from that of ours, which may 
partly explain why we yielded different results. For example, G. J. Wang et al. (2009) used 
positron emission tomography to measure brain activity, several other studies employed a 




2014; G. J. Wang et al., 2009). We may not have detected significantly different functional 
response in the hypothalamus across visits because the hypothalamus is primarily involved 
in energy regulation and the design of our study was such that food reward receipt was 
only a visual cue and not actual delivery of a food reward. 
 
Limitations and Future Research 
Some limitations must be considered when interpreting the findings of the current 
study. Since our smaller sample size yielded lower statistical power, it is possible several 
results that were not statistically significant may be important differences. Thus, we 
indicated where there is a finding at a trend level (0.05 < p < 0.1) and conclude that we fail 
to reject rather than accept the null hypotheses. Additional studies with larger sample sizes 
are needed to discern whether there are sex differences in degree of functional response in 
our outcomes of interest. The use of an fMRI FID task employing visual food cues rather 
than gustatory stimuli may present another possible limitation of our study. Given that the 
current study only analyzed a small group of ROIs, further research should examine other 
regions of the brain associated with stress and food reward processing such as the medial 
prefrontal cortex and insula.  Future investigations would benefit from including trait-level 
personality measures in our analysis to allow for more informed interpretation of our results 








Armbruster, D., Mueller, A., Strobel, A., Lesch, K. P., Brocke, B., & Kirschbaum, C. 
(2011). Predicting cortisol stress responses in older individuals: Influence of 
serotonin receptor 1A gene (HTR1A) and stressful life events. Hormones and 
Behavior, 60(1), 105–111. https://doi.org/10.1016/j.yhbeh.2011.03.010 
Azzam, I., Gilad, S., Limor, R., Stern, N., & Greenman, Y. (2017). Ghrelin stimulation 
by hypothalamic–pituitary–adrenal axis activation depends on increasing cortisol 
levels. Endocrine Connections, 6(8), 847–855. https://doi.org/10.1530/EC-17-0212 
Baker, A. H., & Wardle, J. (2003). Sex differences in fruit and vegetable intake in older 
adults. Appetite, 40(3), 269–275. https://doi.org/10.1016/S0195-6663(03)00014-X 
Bangasser, D. A., & Valentino, R. J. (2014). Sex differences in stress-related psychiatric 
disorders: Neurobiological perspectives. In Frontiers in Neuroendocrinology (Vol. 
35, Issue 3, pp. 303–319). Academic Press Inc. 
https://doi.org/10.1016/j.yfrne.2014.03.008 
Baron-Cohen, S., & Wheelwright, S. (2004). The empathy quotient: An investigation of 
adults with asperger syndrome or high functioning autism, and normal sex 
differences. In Journal of Autism and Developmental Disorders (Vol. 34, Issue 2, 
pp. 163–175). J Autism Dev Disord. 
https://doi.org/10.1023/B:JADD.0000022607.19833.00 
Beck, S. M., Locke, H. S., Savine, A. C., Jimura, K., & Braver, T. S. (2010). Primary and 
secondary rewards differentially modulate neural activity dynamics during working 
memory. PLoS ONE, 5(2). https://doi.org/10.1371/journal.pone.0009251 
Berghorst, L. H., Bogdan, R., Frank, M. J., & Pizzagalli, D. A. (2013). Acute stress 
selectively reduces reward sensitivity. Frontiers in Human Neuroscience, 7(MAR). 
https://doi.org/10.3389/fnhum.2013.00133 
Boukezzi, S., Dillon, D. G., Cerit, H., Durham, L., Ryder, B., Goldstein, J. M., Pizzagalli, 
D. A., & Holsen, L. M. (2019). F18. Sex Differences in Stress-Induced Reward 
Processing in Major Depressive Disorder (MDD). Biological Psychiatry, 85(10), 
S219–S220. https://doi.org/10.1016/j.biopsych.2019.03.555 
Caballero, B. (2007). The Global Epidemic of Obesity: An Overview. Epidemiologic 
Reviews, 29(1), 1–5. https://doi.org/10.1093/epirev/mxm012 




responses to the TSST in relation to sex and menstrual cycle phase. 
Psychophysiology, 47(3), 550–559. https://doi.org/10.1111/j.1469-
8986.2009.00961.x 
Chuang, J. C., & Zigman, J. . (2010). Ghrelin’s roles in stress, mood, and anxiety 
regulation. In International Journal of Peptides (Vol. 2010). 
https://doi.org/10.1155/2010/460549 
Compton, W. M., Thomas, Y. F., Stinson, F. S., & Grant, B. F. (2007). Prevalence, 
correlates, disability, and comorbidity of DSM-IV drug abuse and dependence in the 
United States: Results from the national epidemiologic survey on alcohol and related 
conditions. Archives of General Psychiatry, 64(5), 566–576. 
https://doi.org/10.1001/archpsyc.64.5.566 
Cornier, M. A., Salzberg, A. K., Endly, D. C., Bessesen, D. H., & Tregellas, J. R. (2010). 
Sex-based differences in the behavioral and neuronal responses to food. Physiology 
and Behavior, 99(4), 538–543. https://doi.org/10.1016/j.physbeh.2010.01.008 
Courtenay, W. H., McCreary, D. R., & Merighi, J. R. (2002). Gender and ethnic 
differences in health beliefs and behaviors. Journal of Health Psychology, 7(3), 
219–231. https://doi.org/10.1177/1359105302007003216 
Crujeiras, A. B., Goyenechea, E., Abete, I., Lage, M., Carreira, M. C., Martínez, J. A., & 
Casanueva, F. F. (2010). Weight regain after a diet-induced loss is predicted by 
higher baseline leptin and lower ghrelin plasma levels. Journal of Clinical 
Endocrinology and Metabolism, 95(11), 5037–5044. 
https://doi.org/10.1210/jc.2009-2566 
Dhingra, I., Zhang, S., Zhornitsky, S., Wang, W., Le, T., & Li, C.-S. R. (2020). Men 
Show Higher Neural Sensitivity to Wins – Large or Small – than Women in the 
Monetary Incentive Delay Task. https://doi.org/10.21203/rs.3.rs-27237/v1 
Elbassuoni, E. A. (2014). Gender differences in ghrelin response to chronic 
immobilization stress in rats: Possible role of estrogen. General Physiology and 
Biophysics, 33(1), 111–120. https://doi.org/10.4149/gpb_2013061 
Flegal, K. M., Kruszon-Moran, D., Carroll, M. D., Fryar, C. D., & Ogden, C. L. (2016). 
Trends in obesity among adults in the United States, 2005 to 2014. In JAMA - 
Journal of the American Medical Association (Vol. 315, Issue 21, pp. 2284–2291). 
American Medical Association. https://doi.org/10.1001/jama.2016.6458 
Frisch, J. U., Häusser, J. A., & Mojzisch, A. (2015). The Trier Social Stress Test as a 




Psychology (Vol. 6, Issue FEB, p. 14). Frontiers Media S.A. 
https://doi.org/10.3389/fpsyg.2015.00014 
Gardner, G., & Halweil, B. (2000). Worldwatch Paper #150: Underfed and Overfed: The 
Global Epidemic of Malnutrition | Worldwatch Institute. March . 
http://www.worldwatch.org/node/840 
Gillies, G. E., & McArthur, S. (2010). Estrogen actions in the brain and the basis for 
differential action in men and women: A case for sex-specific medicines. In 
Pharmacological Reviews (Vol. 62, Issue 2, pp. 155–198). Pharmacol Rev. 
https://doi.org/10.1124/pr.109.002071 
Girgus, J. S., & Yang, K. (2015). Gender and depression. In Current Opinion in 
Psychology (Vol. 4, pp. 53–60). Elsevier. 
https://doi.org/10.1016/j.copsyc.2015.01.019 
Goldfarb, E. V., Seo, D., & Sinha, R. (2019). Sex differences in neural stress responses 
and correlation with subjective stress and stress regulation. Neurobiology of Stress, 
11, 100177. https://doi.org/10.1016/j.ynstr.2019.100177 
Greenman, Y., Golani, N., Gilad, S., Yaron, M., Limor, R., & Stern, N. (2004). Ghrelin 
secretion is modulated in a nutrient- and gender-specific manner. Clinical 
Endocrinology, 60(3), 382–388. https://doi.org/10.1111/j.1365-2265.2004.01993.x 
Hanson, J. L., Albert, D., Iselin, A. M. R., Carré, J. M., Dodge, K. A., & Hariri, A. R. 
(2016). Cumulative stress in childhood is associated with blunted reward-related 
brain activity in adulthood. Social Cognitive and Affective Neuroscience, 11(3), 
405–412. https://doi.org/10.1093/scan/nsv124 
Harris, J.A.; Benedict, F. G. (1919). A biometric study of basal metabolism in man. 





Hidalgo, V., Almela, M., Villada, C., & Salvador, A. (2014). Acute stress impairs recall 
after interference in older people, but not in young people. Hormones and Behavior, 
65(3), 264–272. https://doi.org/10.1016/j.yhbeh.2013.12.017 
Hollon, N. G., Burgeno, L. M., & Phillips, P. E. M. (2015). Stress effects on the neural 
substrates of motivated behavior. In Nature Neuroscience (Vol. 18, Issue 10, pp. 




Hostinar, C. E., McQuillan, M. T., Mirous, H. J., Grant, K. E., & Adam, E. K. (2014). 
Cortisol responses to a group public speaking task for adolescents: Variations by 
age, gender, and race. Psychoneuroendocrinology, 50, 155–166. 
https://doi.org/10.1016/j.psyneuen.2014.08.015 
Ironside, M., Kumar, P., Kang, M. S., & Pizzagalli, D. A. (2018). Brain mechanisms 
mediating effects of stress on reward sensitivity. In Current Opinion in Behavioral 
Sciences (Vol. 22, pp. 106–113). Elsevier Ltd. 
https://doi.org/10.1016/j.cobeha.2018.01.016 
Jensen, M. D., Ryan, D. H., Apovian, C. M., Ard, J. D., Comuzzie, A. G., Donato, K. A., 
Hu, F. B., Hubbard, V. S., Jakicic, J. M., Kushner, R. F., Loria, C. M., Millen, B. E., 
Nonas, C. A., Pi-Sunyer, F. X., Stevens, J., Stevens, V. J., Wadden, T. A., Wolfe, B. 
M., & Yanovski, S. Z. (2014). 2013 AHA/ACC/TOS guideline for the management 
of overweight and obesity in adults: A report of the American College of 
cardiology/American Heart Association task force on practice guidelines and the 
obesity society. In Circulation (Vol. 129, Issue 25 SUPPL. 1). Lippincott Williams 
and Wilkins. https://doi.org/10.1161/01.cir.0000437739.71477.ee 
Jezova, D., Makatsori, A., Duncko, R., Moncek, F., & Jakubek, M. (2004). High trait 
anxiety in healthy subjects is associated with low neuroendocrine activity during 
psychosocial stress. Progress in Neuro-Psychopharmacology and Biological 
Psychiatry, 28(8), 1331–1336. https://doi.org/10.1016/j.pnpbp.2004.08.005 
Killgore, W. D. S., & Yurgelun-Todd, D. A. (2010). Sex differences in cerebral responses 
to images of high versus low-calorie food. NeuroReport, 21(5), 354–358. 
https://doi.org/10.1097/WNR.0b013e32833774f7 
Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (199 ). The “Trier social stress test” 
- A tool for investigating psychobiological stress responses in a laboratory setting. 
Neuropsychobiology, 28(1–2), 76–81. https://doi.org/10.1159/000119004 
Kirschbaum, Clemens, Kudielka, B. M., Gaab, J., Schommer, N. C., & Hellhammer, D. 
H. (1999). Impact of gender, menstrual cycle phase, and oral contraceptives on the 
activity of the hypothalamus-pituitary-adrenal axis. Psychosomatic Medicine, 61(2), 
154–162. https://doi.org/10.1097/00006842-199903000-00006 
Klok, M. D., Jakobsdottir, S., & Drent, M. L. (2007). The role of leptin and ghrelin in the 
regulation of food intake and body weight in humans: A review. In Obesity Reviews 
(Vol. 8, Issue 1, pp. 21–34). Obes Rev. https://doi.org/10.1111/j.1467-
789X.2006.00270.x 




T., & Walker, J. (2001). Anticipation of Increasing Monetary Reward Selectively 
Recruits Nucleus Accumbens. In The Journal of Neuroscience (Vol. 21). 
www.jneurosci.org.http://www.jneurosci.org/cgi/content/full/5472 
Knutson, B., Westdorp, A., Kaiser, E., & Hommer, D. (2000). FMRI visualization of 
brain activity during a monetary incentive delay task. NeuroImage, 12(1), 20–27. 
https://doi.org/10.1006/nimg.2000.0593 
Kogler, L., Gur, R. C., & Derntl, B. (2015). Sex differences in cognitive regulation of 
psychosocial achievement stress: Brain and behavior. Human Brain Mapping, 36(3), 
1028–1042. https://doi.org/10.1002/hbm.22683 
Kudielka, B. M., & Kirschbaum, C. (2005). Sex differences in HPA axis responses to 
stress: A review. In Biological Psychology (Vol. 69, Issue 1 SPEC. ISS., pp. 113–
132). Elsevier. https://doi.org/10.1016/j.biopsycho.2004.11.009 
Kumar, P., Berghorst, L. H., Nickerson, L. D., Dutra, S. J., Goer, F. K., Greve, D. N., & 
Pizzagalli, D. A. (2014). Differential effects of acute stress on anticipatory and 
consummatory phases of reward processing. Neuroscience, 266, 1–12. 
https://doi.org/10.1016/j.neuroscience.2014.01.058 
Legget, K. T., Cornier, M. A., Bessesen, D. H., Mohl, B., Thomas, E. A., & Tregellas, J. 
R. (2018). Greater Reward-Related Neuronal Response to Hedonic Foods in Women 
Compared with Men. Obesity, 26(2), 362–367. https://doi.org/10.1002/oby.22082 
Leistner, C., & Menke, A. (2020). Hypothalamic–pituitary–adrenal axis and stress. In 
Handbook of Clinical Neurology (Vol. 175, pp. 55–64). Elsevier B.V. 
https://doi.org/10.1016/B978-0-444-64123-6.00004-7 
Liu, J. J. W., Ein, N., Peck, K., Huang, V., Pruessner, J. C., & Vickers, K. (2017). Sex 
differences in salivary cortisol reactivity to the Trier Social Stress Test (TSST): A 
meta-analysis. Psychoneuroendocrinology, 82, 26–37. 
https://doi.org/10.1016/j.psyneuen.2017.04.007 
Lovejoy, J. C., & Sainsbury, A. (2009). Sex differences in obesity and the regulation of 
energy homeostasis: Etiology and pathophysiology. In Obesity Reviews (Vol. 10, 
Issue 2, pp. 154–167). John Wiley & Sons, Ltd. https://doi.org/10.1111/j.1467-
789X.2008.00529.x 
Makovey, J., Naganathan, V., Seibel, M., & Sambrook, P. (2007). Gender differences in 
plasma ghrelin and its relations to body composition and bone - An opposite-sex 





Manna, P., & Jain, S. K. (2015). Obesity, Oxidative Stress, Adipose Tissue Dysfunction, 
and the Associated Health Risks: Causes and Therapeutic Strategies. In Metabolic 
Syndrome and Related Disorders (Vol. 13, Issue 10, pp. 423–444). Mary Ann 
Liebert Inc. https://doi.org/10.1089/met.2015.0095 
Matthews, K. A., Gump, B. B., & Owens, J. F. (2001). Chronic stress influences 
cardiovascular and neuroendocrine responses during acute stress and recovery, 
especially in men. Health Psychology, 20(6), 403–410. 
https://doi.org/10.1037/0278-6133.20.6.403 
Mendes, W. B., Gray, H. M., Mendoza-Denton, R., Major, B., & Epel, E. S. (2007). Why 
egalitarianism might be good for your health: Physiological thriving during stressful 
intergroup encounters. Psychological Science, 18(11), 991–998. 
https://doi.org/10.1111/j.1467-9280.2007.02014.x 
O’Connor, D. B., Green, J. A., Ferguson, E., O’Carroll, R. E., & O’Connor, R. C. (2017). 
Cortisol reactivity and suicidal behavior: Investigating the role of hypothalamic-
pituitary-adrenal axis responses to stress in suicide attempters and ideators. 
Psychoneuroendocrinology, 75, 183–191. 
https://doi.org/10.1016/j.psyneuen.2016.10.019 
Oldehinkel, A. J., & Bouma, E. M. C. (2011). Sensitivity to the depressogenic effect of 
stress and HPA-axis reactivity in adolescence: A review of genDer differences. In 
Neuroscience and Biobehavioral Reviews (Vol. 35, Issue 8, pp. 1757–1770). 
Neurosci Biobehav Rev. https://doi.org/10.1016/j.neubiorev.2010.10.013 
Perelló, M., & Zigman, J. M. (2012). The role of ghrelin in reward-based eating. In 
Biological Psychiatry (Vol. 72, Issue 5, pp. 347–353). NIH Public Access. 
https://doi.org/10.1016/j.biopsych.2012.02.016 
Reschke-Hernández, A. E., Okerstrom, K. L., Bowles Edwards, A., & Tranel, D. (2017). 
Sex and stress: Men and women show different cortisol responses to psychological 
stress induced by the Trier social stress test and the Iowa singing social stress test. 
Journal of Neuroscience Research, 95(1–2), 106–114. 
https://doi.org/10.1002/jnr.23851 
Ruban, A., Stoenchev, K., Ashrafian, H., & Teare, J. (2019). Current treatments for 
obesity. In Clinical Medicine, Journal of the Royal College of Physicians of London 
(Vol. 19, Issue 3, pp. 205–212). Royal College of Physicians. 
https://doi.org/10.7861/clinmedicine.19-3-205 
Salbe, A. D., Tschöp, M. H., DelParigi, A., Venti, C. A., & Tataranni, P. A. (2004). 




Libitum Food Intake. The Journal of Clinical Endocrinology & Metabolism, 89(6), 
2951–2956. https://doi.org/10.1210/jc.2003-032145 
Shiiya, T., Nakazato, M., Mizuta, M., Date, Y., Mondal, M. S., Tanaka, M., Nozoe, S.-I., 
Hosoda, H., Kangawa, K., & Matsukura, S. (2002). Plasma Ghrelin Levels in Lean 
and Obese Humans and the Effect of Glucose on Ghrelin Secretion. The Journal of 
Clinical Endocrinology & Metabolism, 87(1), 240–244. 
https://doi.org/10.1210/jcem.87.1.8129 
Shilton, A. L., Laycock, R., & Crewther, S. G. (2017). The Maastricht Acute Stress Test 
(MAST): Physiological and Subjective Responses in Anticipation, and Post-stress. 
Frontiers in Psychology, 8(APR), 567. https://doi.org/10.3389/fpsyg.2017.00567 
Simon, J. J., Skunde, M., Wu, M., Schnell, K., Herpertz, S. C., Bendszus, M., Herzog, 
W., & Friederich, H. C. (2014). Neural dissociation of food- and money-related 
reward processing using an abstract incentive delay task. Social Cognitive and 
Affective Neuroscience, 10(8), 1113–1120. https://doi.org/10.1093/scan/nsu162 
Smeets, T., Cornelisse, S., Quaedflieg, C. W. E. M., Meyer, T., Jelicic, M., & 
Merckelbach, H. (2012). Introducing the Maastricht Acute Stress Test (MAST): A 
quick and non-invasive approach to elicit robust autonomic and glucocorticoid stress 
responses. Psychoneuroendocrinology, 37(12), 1998–2008. 
https://doi.org/10.1016/j.psyneuen.2012.04.012 
Spielberger, C. D., Gorsuch, R. L., Lushene,  and R. E., Vagg, P. R., & Jacobs, G. A. 
(1983). (PDF) Manual for the State-Trait Anxiety Inventory (Form Y1 – Y2). 
CA:Consulting Psychologists Press. 
https://www.researchgate.net/publication/235361542_Manual_for_the_State-
Trait_Anxiety_Inventory_Form_Y1_-_Y2 
Spitzer, R., Gibbon, M., Skodol, A., Williams, J., & First, M. (2002). DSM-IV-TR 
casebook: A learning companion to the diagnostic and statistical manual of mental 
disorders, 4th ed., text rev. - PsycNET. https://psycnet.apa.org/record/2002-00943-
000 
Spreckelmeyer, K. N., Krach, S., Kohls, G., Rademacher, L., Irmak, A., Konrad, K., 
Kircher, T., & Gründer, G. (2009). Anticipation of monetary and social reward 
differently activates mesolimbic brain structures in men and women. Social 
Cognitive and Affective Neuroscience, 4(2), 158–165. 
https://doi.org/10.1093/scan/nsn051 
Stephens, M. A. C., Mahon, P. B., McCaul, M. E., & Wand, G. S. (2016). Hypothalamic-




and circulating sex hormones. Psychoneuroendocrinology, 66, 47–55. 
https://doi.org/10.1016/j.psyneuen.2015.12.021 
Tolin, D. F., & Foa, E. B. (2006). Sex differences in trauma and posttraumatic stress 
disorder: A quantitative review of 25 years of research. Psychological Bulletin, 
132(6), 959–992. https://doi.org/10.1037/0033-2909.132.6.959 
Tomiyama, A. J. (2019). Stress and Obesity. In Annual Review of Psychology (Vol. 70, 
pp. 703–718). Annual Reviews Inc. https://doi.org/10.1146/annurev-psych-010418-
102936 
Tschöp, M., Weyer, C., Tataranni, P. A., Devanarayan, V., Ravussin, E., & Heiman, M. 
L. (2001). Circulating ghrelin levels are decreased in human obesity. Diabetes, 
50(4), 707–709. https://doi.org/10.2337/diabetes.50.4.707 
Uhart, M., Chong, R. Y., Oswald, L., Lin, P. I., & Wand, G. S. (2006). Gender 
differences in hypothalamic-pituitary-adrenal (HPA) axis reactivity. 
Psychoneuroendocrinology, 31(5), 642–652. 
https://doi.org/10.1016/j.psyneuen.2006.02.003 
Uher, R., Treasure, J., Heining, M., Brammer, M. J., & Campbell, I. C. (2006). Cerebral 
processing of food-related stimuli: Effects of fasting and gender. Behavioural Brain 
Research, 169(1), 111–119. https://doi.org/10.1016/j.bbr.2005.12.008 
Wand, G. S., Oswald, L. M., McCaul, M. E., Wong, D. F., Johnson, E., Zhou, Y., 
Kuwabara, H., & Kumar, A. (2007). Association of amphetamine-induced striatal 
dopamine release and cortisol responses to psychological stress. 
Neuropsychopharmacology, 32(11), 2310–2320. 
https://doi.org/10.1038/sj.npp.1301373 
Wang, G. J., Volkow, N. D., Telang, F., Jayne, M., Ma, Y., Pradhan, K., Zhu, W., Wong, 
C. T., Thanos, P. K., Geliebter, A., Biegon, A., & Fowler, J. S. (2009). Evidence of 
gender differences in the ability to inhibit brain activation elicited by food 
stimulation. Proceedings of the National Academy of Sciences of the United States 
of America, 106(4), 1249–1254. https://doi.org/10.1073/pnas.0807423106 
Wang, J., Korczykowski, M., Rao, H., Fan, Y., Pluta, J., Gur, R. C., McEwen, B. S., & 
Detre, J. A. (2007). Gender difference in neural response to psychological stress. 
Social Cognitive and Affective Neuroscience, 2(3), 227–239. 
https://doi.org/10.1093/scan/nsm018 
Wardle, J., Haase, A. M., Steptoe, A., Nillapun, M., Jonwutiwes, K., & Bellisie, F. 




dieting. Annals of Behavioral Medicine, 27(2), 107–116. 
https://doi.org/10.1207/s15324796abm2702_5 
Wellcome Centre for Human Neuroimaging | FIL | UCL. (n.d.). Retrieved February 25, 
2021, from https://www.fil.ion.ucl.ac.uk/ 
Whybrow, S., Stephen, J. R., & Stubbs, R. J. (2006). The evaluation of an electronic 
visual analogue scale system for appetite and mood. European Journal of Clinical 
Nutrition, 60(4), 558–560. https://doi.org/10.1038/sj.ejcn.1602342 
Zarouna, S. (2015). Mood disorders: A potential link between ghrelin and leptin on 
human body? World Journal of Experimental Medicine, 5(2), 103. 
https://doi.org/10.5493/wjem.v5.i2.103 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
58 
 
VITA 
 
59 
 
 
60 
 
 
